Summary We evaluated the impact of a new Dutch guideline on systematic implementation of densitometric Vertebral Fracture Assessment (VFA) in patients with a recent nonvertebral fracture. Systematic implementation resulted in a significant increase of VFA, diagnosis of vertebral fractures (VFs), and percentage of patients eligible for treatment. Introduction VFs are underdiagnosed although they are important predictors of fracture risk, independent of age and bone mineral density (BMD). The Dutch guideline on osteoporosis and fracture prevention recommends VFA in all patients aged >50 years with a recent non-VF. Our aim was to evaluate the effect of systematic implementation of densitometric VFA in patients with a recent non-VF at the fracture liaison service (FLS). Methods VFA was performed on lateral images of the spine using dual-energy X-ray absorptiometry (DXA) and graded according to Genant using Spine Analyzer software.
Introduction
Vertebral fractures (VFs) are the most frequently occurring osteoporotic fractures [1] [2] [3] . They are underdiagnosed [4, 5] because only one third of patients with VFs present with an acute symptomatic episode [6] . Even in the case of acute back pain or height loss, imaging of the spine is not always performed; additionally, when radiographs are available, VFs are also often overlooked [4, 7] . The presence, number, and severity of VFs are strong predictors of future fracture risk, independent of age and bone mineral density (BMD) [8, 9] . VFs are frequently present in patients with a recent non-VF Robert Y. van der Velde and Sandrine P.G. Bours contributed equally to this manuscript.
(>13 to >20%, depending on the grading of deformity) [10, 11] and in patients with osteopenia with or without a recent fracture [12] . Therefore, the Dutch guideline on osteoporosis and fracture prevention released in 2011 (www.cbo.nl) recommended systematic evaluation of VFs in patients with a recent non-VF and a BMD T-score of <−1.0 and >−2.5. In those osteopenic patients who have a grade 2 or 3 VF, the guideline recommends the initiation of anti-osteoporotic medication.
The aim of our study was to compare the proportion of patients with a recent non-VF at the fracture liaison service (FLS) that had Vertebral Fracture Assessment (VFA) and the prevalence of VFs, before and after implementation of the guideline, as well as the impact the diagnosis of VF had on the percentage of patients that was diagnosed to have osteoporosis and to be eligible for treatment.
Materials and methods

Study population
Patients included in our study were consecutive men and women aged 50 years and older with a recent low-energy non-VF visiting the FLS of VieCuri Medical Center for Northern Limburg (VieCuri) and Maastricht University Medical Center (MUMC). Before guideline implementation, VFA in the FLS at VieCuri was performed only on indication of the clinician; while in MUMC, there was temporarily no FLS because of financial restrictions, but VFA was available and performed on indication of the surgeon who treated the fracture. After guideline implementation, an FLS with densitometric VFA was available in both centers. The study protocol was approved by the local ethical committee of VieCuri (number CEM/11091).
Methods
Both hospitals had the same equipment available for BMD measurement at the lumbar spine and hip and lateral spine imaging, using dual-energy X-ray absorptiometry (DXA) (Hologic QDR 4500, Hologic, Bedford, MA, USA). BMD measurements were classified according to the lowest value of T-score in the total hip/femoral neck or lumbar spine: osteoporosis as T-score ≤ −2.5, osteopenia as T-score between −2.5 and −1.0, and normal BMD as T-score ≥ −1.0.
After collecting all pre-and post-guideline densitometric lateral spine VFA images, central evaluation by the same experienced researcher was performed using a morphometry software program (Spine Analyzer, Optasia Medical, Manchester, UK) [13] . First, the image quality was evaluated and the vertebrae were labeled, starting with the identification of the fourth lumbar vertebra. Subsequently, the evaluable vertebrae were determined. A vertebra was considered evaluable if the posterior and anterior cortices and both endplates were fully and clearly visible. If this was not the case, the vertebra was not evaluated. Images were visually inspected for the presence of a VF. The researcher studied both the vertebral shape and the appearance of the end plate in order to differentiate between VFs and vertebrae with other deformities, e.g., degenerative changes or Scheuermann's disease, only true VFs were counted. When a vertebra was visually suspect for a VF, the point placement of the Spine Analyzer software program was used to measure the anterior, mid-vertebral, and posterior height of the vertebra that had been selected on visual inspection. The point placement was edited occasionally when this was deemed necessary, but we did not keep a record on how often this was done. The vertebral fractures were then graded according to the grading of Genant et al. [14] as grade 0, <20% reduction in expected vertebral body height at the anterior, mid, or posterior location; grade 1, 20-24%; grade 2, 25-39%; or grade 3, ≥40% reduction, respectively.
Non-VFs were classified according to the method of Center [15] into hip fractures, major fractures (multiple rib, humerus, pelvis, distal femur, and proximal tibia), and minor fractures (all remaining fractures except fingers and toes).
Statistical analysis
Data were analyzed using Independent samples T-test, chisquare statistics, and odds ratios. Subgroup analyses were performed for BMD (normal versus osteopenia versus osteoporosis) and for fracture type according to Center (minor versus major versus hip fracture). Statistical analyses were performed using SPSS for Mac (version 21.0, IBM SPSS Statistics, USA).
Results
In total, 1066 consecutive patients (768 women, 298 men) were evaluated, 582 (411 women, 171 men) before and 484 (357 women, 127 men) after guideline implementation ( Fig.  1 ). Patients after implementation were somewhat younger and sustained less often a major or hip fracture, but BMI was similar (Table 1) . BMD measurements before implementation were performed in all patients in VieCuri and in 30 (11%) in MUMC (in total 338 out of 582 (58.1%) patients) and in all patients (p < 0.001) after implementation. Before and after implementation, the prevalence of osteoporosis, osteopenia, and normal BMD was similar (Table 1) . VFA was performed in 4.6% before implementation and in 97.1% of patients after implementation (p < 0.001) (Fig. 1) . Within the vertebral range Th4 to L4, the percentage of evaluable vertebrae increased from 20% at Th4 to >70% at Th8 and Th9 and to >90% from TH10 to L4 (Fig. 2) .
The diagnosis of a VF increased from 2.2 to 26.2% for grade VF ≥1 (p < 0.001) and from 0.9 to 14.7% for grade ≥ 2 VF (p < 0.001) ( Table 2 ). The prevalence of VFs grade ≥ 2 increased with age (Table 2) but was similar for both sexes, non-VF locations, and BMD (Table 2 ). After implementation, in patients with osteopenia, 13.6% had at least one grade ≥ 2 VF ( Table 2) .
The odds ratio for the presence of a grade ≥ 2 VF was nearly twofold higher (p = 0.043) in patients with hip or major fracture compared to that in patients with a minor fracture ( Table 2 ).
Discussion
After systematic implementation of VFA in FLS patients with a recent non-VF according to the Dutch guideline for osteoporosis, performing VFA increased nearly 20-fold, diagnosis of a VF of grade ≥ 2 increased 15-fold, and one out of six patients was diagnosed with a grade ≥ 2 VF. As a result, the total percentage of patients diagnosed to have osteoporosis and therefore eligible for treatment according to the Dutch guideline increased by one quarter.
The VF prevalence in our study is in accordance with that of two other studies in patients with a non-VF: 20-25% for grade ≥ 1 and 13-17% for grade ≥ 2 [10, 11] . The prevalence of VFs in our FLS cohort increased with age; the prevalence of grade ≥ 2 VF increased more than fivefold between the ages of 50 and 80+. A similar increase was found by others [10, 11, 16] . Remarkably, the prevalence of VF was similar between genders, non-VF locations, and BMD levels. The similar prevalence of VF seen in women and men in our study contrasts the higher VF prevalence found in women in many studies [17] , but other authors also found a similar prevalence in both genders [11, 18, 19] or even a higher prevalence in men [20] , which was also seen in a recent Dutch study [21] . In contrast to others [10, 11] , we found no significant difference in the prevalence of VFs grade ≥ 1 between different non-VF locations but direct comparison to the other studies is difficult since we studied three NVF groups instead of individual NVF sites. Our results underscore the importance of performing VFA even after minor presenting fractures. We found VFs grade ≥ 2 in any BMD category, with a non-significant trend of higher prevalence in patients with osteoporosis (18%) compared to patients with a normal BMD (12%). These results correspond well with those found by other authors [12, 21] . In contrast, Gallagher et al. [10] reported VFs grade ≥ 2 in 9% of patients with normal BMD, in 13% with osteopenia, and in 34% with osteoporosis. However, in that study, only lumbar spine BMD was reported, while we used the lowest T-score at the spine, hip, or femoral neck. Howat et al. [11] reported that grades 2 and 3 VFs correlated with spine and hip BMD in women, and in men only grade 3 VFs when compared to patients with a normal BMD. In spite of these differences in prevalence of VFs between studies, the results indicate that VFs are frequently present at any BMD in patients with a recent non-VF. In the group of patients with a BMD score in the osteopenic range, 13.6% had at least one grade ≥ 2 VF, constituting a diagnosis of osteoporosis and an indication for treatment according to the Dutch guideline (www.cbo.nl). If treatment decisions would have been based on BMD results only, 31. 0% of the post-guideline patients would be eligible for treatment because of osteoporosis. With implementation of VFA, this increases by a quarter to 38.4%. Our finding underscores the limitation of using a screening strategy based on BMD measured by DXA, as was also found by other authors [22, 23] . We also found VFs in patients with a normal BMD but the Dutch guideline does not recommend performing VFA routinely in these patients; so, in daily practice, these patients would not have been treated (www.cbo.nl).
Our results can be compared with the results of two other Dutch studies. Netelenbos et al. [24] found a 43% increase in the number of patients who qualified for osteoporosis when based on BMD + spine radiograph instead of based on BMD alone, considerably higher than in our study which can probably be explained by the fact that in the study by Netelenbos et al. VFs of all grades were counted as an indication for treatment (instead of only grade ≥ 2 as stated in the Dutch guideline). In our study, of patients with osteopenia, 27.7% had at least one grade 1, 2, or grade 3 VF, so the number of patients from our post-group who would qualify for osteoporosis treatment would be 41% higher than when based on BMD alone, corresponding well with the results from Netelenbos et al. In another study from the Netherlands [21] , in the subgroup with osteopenia, 21% had a vertebral fracture, 55% of those were grade 2 or 3, which increased the number of patients eligible for treatment by one fifth from 27 to 32% when the VFA results were considered in the treatment decision, in keeping with our results. In a study from Hull (UK) in women over the age of 65, 20% of osteopenic women had at least one grade 2 or grade 3 vertebral fracture [25] . In addition to the 17% of women with osteoporosis, the application of VFA identified another 11% of women with an indication for treatment, a greater increase probably explained by the higher age of the patients [25] . Results similar to those of our study were seen in a study from Glasgow (UK) in which overall in 25% of patients, a previously undiagnosed grade 1, 2, or 3 vertebral deformity was found [10] . In osteopenic patients, this was 20%, of which in 13% there was a grade 2 or 3 vertebral fracture. In this study, 28% had a treatment indication based on BMD (osteoporosis) and 9% of patients were likely to have had a change in management based on their vertebral deformity status. In a study conducted in the USA [12] , VFs were found in 18% of asymptomatic postmenopausal women. In this study, between 26 and 60% of osteoporotic patients could have potentially been missed if the diagnosis had been based on BMD alone. By contrast, in a study from Glasgow (UK), the authors found that VFA does identify a substantial burden of prevalent vertebral fractures that were not known before (about 20%), but this (in 3%) seldom influenced the need for treatment after a nonvertebral fracture [11] . This fact can be explained by the guideline used in this center, according to which in patients over the age of 65, the BMD threshold is ≤−2 thereby limiting the number of osteopenic patients that would only get medical treatment based on diagnosis of VFs through VFA. In a recent study from Sheffield [26] , in 11% of patients undergoing VFA, one or more vertebral fractures were found but this finding changed the management in only 3%. This lower percentage can be explained by two factors: firstly, in this study, the focus was only on previously unidentified VFs diagnosed through VFA scans; and secondly, the methodology used in this study to identify VF (the ABQ method) is known to identify fewer VFs compared with other techniques [27] .
The strength of our study is that the same device for DXA/ VFA was used in both centers, and that all images were examined by the same experienced investigator using the precise and accurate Spine Analyzer software (www.cbo.nl). Limitations are slight differences in patient characteristics before and after implementation of the guideline, reflecting the real-world response rate of patients invited to the FLS. Only limited vertebrae could be evaluated above the Th7 level. Possibly with today's DXA technology (with improved hardware and software), a higher proportion of vertebrae above the Th7 level could have been evaluated. However, since most osteoporotic VFs occur at the lower spine region, this will not have influenced the results much. Another limitation is the possibility of overdiagnosing VFs, but the VFA evaluation was performed by an experienced researcher, carefully excluding non-VF deformities.
In conclusion, we have found that systematic implementation of the guideline resulted in a significant increase in the diagnosis of VFs. VFA contributes to documenting the high prevalence of VFs in FLS patients with a non-VF in both genders, at any age, non-VF location, and BMD level. The finding of a grade 2 or 3 VF in patients with osteopenia has direct clinical implications, increasing the number of patients in the total cohort eligible for treatment by one quarter.
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